Introduction
The determination of copper in biological samples, especially urine and blood, is of established value in the diagnosis and treatment of various ailments, such as Wilson's disease. 1 Copper in blood is bound to serum albumin. The main physiological processes in which copper participates are the formation of blood and the utilization of iron in hemoglobin synthesis, the synthesis and cross-linking of elastin and collagen in the aorta and major blood vessels, etc. Various disorders, like nephritic syndrome, 2 copper intoxication 3 and burn injuries 4 have been associated with higher concentrations of copper in urine. In general, the determination of increased levels of copper poses no great analytical problems, and a number of colorimetric techniques have been successfully applied. However, when normal levels of copper (10 -30 ng/ml in urine) are to be determined, e.g., for metabolic balance studies, few methods offer the required sensitivity. The techniques of voltammetry are very suitable for the determination of trace elements in various types of environmental, aquatic and biological samples because of their sensitivity and simplicity, and because a very simple pretreatment of the samples is needed. 5 The application of voltammetric techniques in the determination of copper at trace levels has been reviewed. 6 Anodic stripping voltammetry has got comparatively more acceptance than other voltammetric methods in spite of its disadvantages. 7.8 One of the major disadvantages is the occurrence of interferences from sample matrix.
Another method is the use of adsorptive accumulation on the electrode in which an organic ligand is applied for making a complex with copper(II). 9, 10 The technique of adsorptive stripping can be used for selectively concentrating metal ions that have very low solubility in mercury. The formation of inter-metallic compounds by copper with other metals at the electrode in anodic stripping voltammetry, is well known, which thereby interferes considerably in any copper determination. Thus determination of copper by measuring its reduction current after accumulation without its electrolysis is a better method. A number of studies on the use of adsorptive stripping voltammetry for copper determination have been reported, based on catechol, 11 8-hydroxyquinoline, 12 thiourea, 13 imidazole, 14 2-mercaptobenzimidazole, 15 etc., as the complexing agent. However, the catechol method has the disadvantage that the catechol is unstable towards oxidation by dissolved oxygen. In the case of 8-hydroxyquinoline, for obtaining the maximum efficiency of accumulation, a potential more negative than -1.0 V, at which copper(II) is reduced to copper metal, is required. Imidazole is another sensitive ligand, but the influence of potential interfering ions and its application for synthetic or real samples have not been reported.
In this paper, the adsorptive cathodic stripping voltammetry of copper complex with cyclopentanone thiosemicarbazone (CPTSC) is considered. The method is based on the adsorptive accumulation of the resulting copper-CPTSC complex on a hanging mercury drop electrode, followed by the stripping voltammetric measurements at the reduction current of the adsorbed complex at -0.35 V vs. Ag/AgCl. A selective and sensitive stripping voltammetric method for the determination of trace amounts of copper(II) with cyclopentanone thiosemicarbazone (CPTSC) is presented. The method is based on the adsorptive accumulation of the resulting copper-CPTSC complex on a hanging mercury drop electrode, followed by the stripping voltammetric measurements at the reduction current of the adsorbed complex at -0.37 V vs. Ag/AgCl. The optimal conditions for the stripping analysis of copper include pH 9.3, deposition time of 120 s, and a deposition potential of -0.1 V (vs. Ag/AgCl). The peak current is linearly proportional to the copper concentration over a range 3.14 × 10 -9 M to 1.57 × 10 -6 M with a limit of detection of 1.57 × 10 -9 M. The technique has been applied to the determination of copper in biological samples, like urine and whole blood.
Experimental

Apparatus and reagents
A polarograph (µ-Autolab, Type-I, Metrohm) equipped with a static mercury dropping electrode was used. The threeelectrode system consisted of a working hanging mercury drop electrode (HMDE), a platinum auxiliary electrode and Ag/AgCl saturated with KCl as a reference electrode which was used to measure the cathodic current. pH measurements were made on a pH meter (Elico, LI-120).
All of the reagents used were of analytical reagent grade. A stock solution of 1 × 10 -2 M copper was prepared by dissolving 99.99% pure metal (Aldrich) in 5% nitric acid. A 1.0 × 10 -3 M stock solution of cyclopentanone thiosemicarbazone (obtained from organic laboratory of G. N. D. University) was prepared in tetrahydrofuran.
The supporting electrolyte was 0.1 M ammonia/ammonium chloride buffer, pH 9.3. Working solutions were prepared by diluting the stock solutions with deionized double-distilled water.
Blood sample preparation
Approximately 2 ml of blood samples were taken from 40 children with special care by vein puncturing using disposable syringes and needles, and placed into heparinized pretreated clean polypropylene tubes. The samples (1 ml) were then digested with nitric acid and per-chloric acid (3:1). Digested samples were made up to 5 ml using 0.25% nitric acid. Special care was taken to avoid all possible contaminations. Only reagents with low background impurities were used.
Urine sample preparation
Approximately 100 to 150 ml of urine samples was collected from 40 persons in polyethylene bottles. Then 50 ml of the sample was digested with 50 ml of the digestion mixture, containing HNO3, H2SO4 and HClO4 in the ratio of 3:1:1 respectively on a hot plate. The thus obtained colorless residue was dissolved in deionized double-distilled water to a known volume. Only reagents with extra purity were employed in the digestion process. Also blank values were determined by taking 50 ml aliquots of deionized double-distilled water through the same digestion procedure.
Analytical technique
After 20 ml of 0.1 M ammonia/ammonium chloride buffer of pH 9.3 was pipetted into a cell along with 3.14 × 10 -9 M CPTSC, nitrogen gas was purged for 4 min. A new mercury drop was made to form, and accumulation was conducted for 120 s at -0.1 V while stirring. After a rest period of 10 s, voltammograms were recorded by scanning the potential in the negative direction in the differential mode (pulse amplitude, 50 mV; pulse repetition time, 1 s; scan rate, 5 mV/s).
Results and Discussion
Adsorptive stripping voltammograms of cyclopentanone thiosemicarbazone (CPTSC) are shown in Fig. 1 . The optimal conditions for obtaining this voltammogram were 0.1 M buffer (ammonia/ammonium chloride, pH 9.3), an accumulation time of 120 s and a deposition potential of -0.1 V vs. Ag/AgCl. The reduction of the ligand with a concentration of 3.14 × 10 -9 M gave a sharp peak at -0.6 V. C=N and C=S are two possible sites where reduction is more likely to occur, which are associated with the Π* molecular orbital. It is likely that the peak at -0.6 V is due to C=S, because the Π* molecular orbital of this group is at lower energy level than the Π* molecular orbital of the C=N group. An increase in the concentration of the ligand and an increase in the deposition time lead to a proportional increase in the peak current, which confirmed that the peak at -0.6 V was due to a reduction of the ligand itself. When copper of different concentrations (in the range 1.0 × 10 -8 M to 1.0 × 10 -9 M) was added into the above solution maintained under the same set of conditions, another sharp peak appeared at -0.37 V, which was due to the formation of a complex of Cu-CPTSC (Fig. 2) . The influences of the potential scan rate on the current and on the potential of the adsorbed complex of Cu-CPTSC showed a shift of the peak potential with the scan rate. This phenomenon indicates some irreversibility of the redox process, which is also characterized by a stronger separation of the cathodic and anodic peaks. The adsorption of the reactants at the surface of electrode usually leads to such characteristics, 16, 17 indicating an effective interfacial accumulation of the Cu(II)-ligand complex at the electrode surface.
An increase in the deposition time with an increase in peak current, and a suppression of the peak current with the addition of a surfactant, like Tween 20 and Tween 80, indicate a strong adsorption of the complex on the mercury electrode.
The effect of various parameters, like the deposition time, the concentration of the ligand, the deposition potential, pH, etc. were studied and optimized for the copper determination, and are discussed below.
Effect of the deposition time
The relationship of the deposition time with the peak current 390 ANALYTICAL SCIENCES MARCH 2006, VOL. 22 is shown in Fig. 3 . The deposition time from 0 to 240 s was studied. The maximum peak current was obtained at 120 s. There was an increase in the peak current at the initial stage up to 120 s and was constant for a time longer than 120 s because of the adsorptive equilibrium between the electrode surface and the solution.
Effect of the ligand concentration
The effect of the concentration of CPTSC on the peak current is shown in Fig. 4 . The effect of the ligand in the concentration range from 2.0 × 10 -10 M to 2.0 × 10 -8 M was studied at pH 9.3. There was a proportional increase in the peak current up to 3.14 × 10 -9 M, followed by a constant peak current for higher concentrations of the ligand. At the break point (3.14 × 10 -9 M) the CPTSC concentration was just twice that of copper. This suggested that the adsorbed species was the 1:2 copper:CPTSC complex. This was confirmed by changing the concentration of the Cu(II) ion, with a constant concentration of CPTSC.
Effect of the deposition potential
The relationship between the deposition potential and the peak current is shown in Fig. 5 , which shows that the maximum peak current was obtained at -0.1 V. However, at a potential more positive than -0.1 V, the oxidation of mercury and a consequent increase of the base current interfered with measurement of the reduction current of the complex of copper. However, at a deposition potential more negative than -0.3 V, the peak current decreased sharply, because a reduction of the complex had already taken place at -0.1 V. Thus a deposition potential of -0.1 V was selected for the study.
Effect of pH
The relationship between the pH and the peak current is shown in Fig. 6 . The influence of the pH on the complexation of metal ions with the ligand is well established. For optimizing a stable complex of Cu(II)-CPTSC, a large variation in the pH values (from 3 to 11) was studied. It was found that no complex was formed under strongly acidic conditions. The complex showed its formation at around pH 4.5, and an increase in the peak current was found up to pH 9.3, followed by a sharp fall in the current value at higher pH values. This was due to the development of a complex between the metal ion and the ligand at the initial pH values. At pH values of more than 9.3, the precipitation of copper as Cu(OH)2 occurred, resulting in a sharp decrease in the peak current. The effect of the concentration of the ammonia/ammonium chloride buffer between 0.1 M and 1 M was also studied, and no effect, as such, was observed. However, all of the experimentation was performed at a 0.1 M concentration of the buffer.
Interferences
An interference study of different ions, like lead, cadmium, zinc, magnesium, calcium, manganese, barium, iron, sodium, potassium, chloride, bromide, iodide, phosphate and sulfate was made. It was observed that most of the ions studied did not have any effect on the copper(II) determination, even at a concentration as large as 1000-fold excess with respect to copper. However, iodide and bromide ions had shown some interferences by lowering the peak current by 30% at a concentration of 10-fold excess to that of copper(II). The presence of halide ions in biological samples at such a high concentration has not been reported anywhere in the literature, however, if these ions are found in biological samples they can be removed by boiling the sample with 6 M nitric acid before analysis. Effect of the deposition potential on the peak current; conditions same as in Fig. 3 . Fig. 6 Effect of the pH on the peak current; conditions same as in Fig. 3 .
Accuracy, precision and detection limits
Various standard reference materials were analyzed for checking the reliability of the method. Standard reference materials, like animal blood (A-2), fish tissue (MA-B-3/TM) and Hay (V-10) from the International Atomic Energy Agency (IAEA), Vienna, were analyzed for copper. The results agreed within ±7% with certified values (Table 1) .
A linear response over the concentration range of 3.14 × 10 -9 to 1.57 × 10 -6 M Cu(II) was observed under the optimum conditions, with a correlation coefficient of 0.998. The detection limit for copper was found to be 1.57 × 10 -9 M. The validity of the method was further ascertained by a cross method check, spike recovery and replicate analysis.
Application to biological samples
The developed method has been applied to blood and urine samples (10 samples each of the blood and urine from each set were analyzed) for copper determination, and the values were compared with AAS (Table 2) . Because the amount of copper found in blood samples was quite high, so the dilution of the blood samples was performed accordingly. Reagent blanks were taken along with each set of the sample; the metal concentrations observed in these blank samples were negligible. It is evident from the table that this technique has provided better sensitivity, and accuracy, and can be used for the on-site monitoring of environmental and biological samples.
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